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Evidence that the plant cannabinoid A°-tetrahydrocannabivarin
is a cannabinoid CB, and CB, receptor antagonist
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1 A’-tetrahydrocannabivarin (THCYV) displaced [PH]JCP55940 from specific binding sites on mouse
brain and CHO-hCB; cell membranes (K;=75.4 and 62.8 nM, respectively).

2 THCV (1 uM) also antagonized CP55940-induced stimulation of [**S]JGTPyS binding to these
membranes (apparent Kg=93.1 and 10.1 nM, respectively).

3 In the mouse vas deferens, the ability of A’-tetrahydrocannabinol (THC) to inhibit electrically
evoked contractions was antagonized by THCV, its apparent Kp-value (96.7 nM) approximating the
apparent Kg-values for its antagonism of CP55940- and R-(+)-WINS55212-induced stimulation of
[**S]IGTPyS binding to mouse brain membranes.

4 THCYV also antagonized R-(+ )-WIN55212, anandamide, methanandamide and CP55940 in the
vas deferens, but with lower apparent Kg-values (1.5, 1.2, 4.6 and 10.3 nM, respectively).

5 THCV (100 nM) did not oppose clonidine, capsaicin or (—)-7-hydroxy-cannabidiol-dimethylhep-
tyl-induced inhibition of electrically evoked contractions of the vas deferens.

6 Contractile responses of the vas deferens to phenylephrine hydrochloride or f,y-methylene-ATP
were not reduced by 1 uM THCV or R-(+)-WIN55212, suggesting that THCYV interacts with R-(+ )-
WINS55212 at prejunctional sites.

7 At 32uM, THCV did reduce contractile responses to phenylephrine hydrochloride and f,y-
methylene-ATP, and above 3 uM it inhibited electrically evoked contractions of the vas deferens in an
SR141716A-independent manner.

8 In conclusion, THCV behaves as a competitive CB; and CB, receptor antagonist. In the vas
deferens, it antagonized several cannabinoids more potently than THC and was also more potent
against CP55940 and R-(+ )-WINS55212 in this tissue than in brain membranes. The bases of these
agonist- and tissue-dependent effects remain to be established.
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A°-Tetrahydrocannabivarin; A°-tetrahydrocannabinol; R-(+)-WINS55212; anandamide; methanandamide;
CP55940; cannabinoids; mouse vas deferens; CB, receptor antagonist; CB, receptor antagonist

anandamide, arachidonoyl ethanolamide; BSA, bovine serum albumin; capsaicin, 3-methoxy-4-hydroxy-benzyl-8-
methyl-6-nonenamide; CHO, Chinese hamster ovary; CP55940, (—)-cis-3-[2-hydroxy-4-(1,1-dimethylheptyl)phe-
nyl]-trans-4-(3-hydroxypropyl)cyclohexanol; DMSO, dimethyl sulphoxide; GDP, guanosine 5'-diphosphate;
GTPyS, guanosine-5'-0-(3-thiotriphosphate); methanandamide, R-(+ )-arachidonoyl-1’-hydroxy-2’-propylamide;
B.,y-methylene-ATP, f3,y-methylencadenosine 5'-triphosphate; R-(+)-WIN55212,  (R)-(+ )-[2,3-dihydro-5-
methyl-3-(4-morpholinylmethyl)pyrrolo-[1,2,3-de]-1,4-benzoxazin-6-yl]-1-naphthalenylmethanone; SR141716A,
N-(piperidin-1-yl)-5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-methyl-1 H-pyrazole-3-carboxamide hydrochloride;
SR 144528, N-[(1S)-endo-1,3,3-trimethyl bicyclo [2.2.1] heptan-2-yl]-5-(4-chloro-3-methylphenyl)-1-(4-methylben-
zyl)-pyrazole-3-carboxamide; THC, A’-tetrahydrocannabinol; THCV, A’-tetrahydrocannabivarin

Introduction

Cannabis sativa is the natural source of a set of at least 66
oxygen-containing aromatic hydrocarbon compounds that are
known collectively as phytocannabinoids (reviewed in ElSohly,
2002). This study focused on a little-investigated phytocanna-
binoid, the n-propyl analogue of A°-tetrahydrocannabinol
(THC) (Figure 1), which was first detected in cannabis by
Gill et al. (1970) and named A’-tetrahydrocannabivarin
(THCV) by Merkus (1971). The initial objective of this
research was to establish whether THCV can activate or block
cannabinoid CB,; or CB, receptors. Some of our experiments
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were performed with membranes prepared from healthy brain
tissue, which is densely populated with CB; but not CB,
receptors (reviewed in Howlett ez al., 2002), or from Chinese
hamster ovary (CHO) cells transfected with hCB, receptors.
These membranes were used to investigate the ability of THCV
to displace [P'HJCP55940 from CB;- and CB,-binding sites and
to determine whether it behaves as a CB;, or CB, receptor
agonist or antagonist. Experiments were also carried out with
the mouse isolated vas deferens, a tissue in which cannabinoid
receptor agonists such as R-(+)-WINS55212, CP55940, THC
and 2-arachidonoyl ethanolamide (anandamide) can inhibit
electrically evoked contractions (Devane et al., 1992; Pertwee
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Figure 1 Structures of THC and THCV.

et al., 1995b). This they are thought to do by acting on
prejunctional neuronal cannabinoid CB, receptors to inhibit
release of the contractile neurotransmitters, ATP, acting on
postjunctional P2X purinoceptors, and noradrenaline, acting
on postjunctional «;-adrenoceptors (von Kiigelgen & Starke,
1991; Trendelenburg et al., 2000; see also Pertwee, 1997;
Schlicker & Kathman, 2001). Experiments were also per-
formed with (—)-7-hydroxy-cannabidiol-dimethylheptyl, a
synthetic analogue of the phytocannabinoid, (—)-cannabidiol,
that inhibits electrically evoked contractions of the mouse
vas deferens through a mechanism that appears to operate
prejunctionally and to be at least partly CB; receptor-
independent (Pertwee er al., 2005). Some of the results
described in this paper have been presented to the British
Pharmacological Society (Pertwee et al., 2004).

Methods

The methods used comply with the U.K. Animals (Scientific
Procedures) Act, 1986 and Associated Guidelines for the Use
of Experimental Animals.

Drugs and chemicals

THCV was supplied by GW Pharmaceuticals (Porton Down,
Wiltshire, U.K.), THC by the National Institute on Drug
Abuse (Bethesda, MD, U.S.A.) and (—)-7-hydroxy-cannabi-
diol-dimethylheptyl by Professor R. Mechoulam (Hebrew
University of Jerusalem, Israel). SR141716A and SR144528
were obtained from Sanofi-Aventis (Montpellier, France).
Phenylephrine hydrochloride, f,y-methyleneadenosine 5'-tri-
phosphate (f,y-methylene-ATP), anandamide and clonidine
hydrochloride were purchased from Sigma-Aldrich (Poole,
Dorset, U.K.), R-(+)-WINS55212 and CP55940 from Tocris

(Bristol, U.K.) and capsaicin from Research Biochemicals
International (Natick, MA, U.S.A.). Phenylephrine hydro-
chloride, f,y-methylene-ATP and clonidine were dissolved in
a 0.9% aqueous solution of NaCl (saline). R-(+ )-WIN55212
was dissolved in a 50% (vv~') solution of dimethyl sulphoxide
(DMSO) in saline and all other drugs were dissolved in pure
DMSO. Drugs were added to organ baths in a volume of 10 pl.
For the binding experiments, [’H]JCP55940 (168 Cimmol™"),
PH]R-(+)-WIN55212 (40 Cimmol™") and [*S]GTPyS (1250
Cimmol™!) were obtained from Perkin-Elmer Life Sciences
Inc. (Boston, MA, U.S.A.). [’H]SR141716A (44 Cimmol™")
was obtained from Amersham Biosciences U.K. Ltd (Little
Chalfont, Buckinghamshire, U.K.), GTPyS and adenosine
deaminase from Roche Diagnostic (Indianapolis, IN, U.S.A.)
and GDP from Sigma-Aldrich.

CHO cells

CHO cells stably transfected with cDNA encoding human
cannabinoid CB, receptors (Bp.x=72.6pmolmg~' protein)
were maintained at 37°C and 5% CO, in Dulbecco’s Modified
Eagles’s medium (DMEM) nutrient mixture F-12 HAM
supplemented with 2mM L-glutamine, 10% foetal calf serum,
0.6% penicillin-streptomycin, hygromycin B (300 ugml™") and
G 418 (600 ugml~"). These CHO-hCB; cells were passed twice
a week using a nonenzymatic cell dissociation solution.

Membrane preparation

Binding assays with [’H]JCP55940 and with [**S]GTPyS were
performed with mouse whole brain membranes, prepared as
described by Thomas ez al. (2004), or with CHO-hCB, cell
membranes (Ross et al., 1999a). The hCB, transfected cells
were removed from flasks by scraping and then frozen as a
pellet at —20°C until required. Before use in a radioligand-
binding assay, cells were defrosted, diluted in 50mMm
Tris-binding buffer (radioligand displacement assay) or
GTPyS-binding buffer ([**S]GTPyS-binding assay), and homo-
genized with a 1ml hand-held homogenizer. Protein assays
were performed using a Bio-Rad Dc kit (Bio-Rad, Hercules,
CA, US.A).

Radioligand displacement assay

The assays were carried out with [PHJCP55940, Tris-binding
buffer (50 mM Tris-HCI; 50 mM Tris-Base; 0.1% BSA), total
assay volume 500 ul, using the filtration procedure described
previously by Ross et al. (1999b). Binding was initiated by the
addition of either the brain membranes (33 ug protein per well)
or the transfected hCB, cells (25 ug protein per well). All assays
were performed at 37°C for 60min before termination by
addition of ice-cold Tris-binding buffer and vacuum filtration
using a 24-well sampling manifold (cell harvester; Brandel Inc.,
Gaitherburg, MD, U.S.A.) and GF/B filters (Whatman,
Maidstone, U.K.) that had been soaked in wash buffer at
4°C for at least 24 h. Each reaction well was washed six times
with a 1.2ml aliquot of Tris-binding buffer. The filters were
oven-dried for 60 min and then placed in 5ml of scintillation
fluid (Ultima Gold XR, Packard). Radioactivity was quanti-
fied by liquid scintillation spectrometry. Specific binding was
defined as the difference between the binding that occurred
in the presence and absence of 1 uM unlabelled CP55940. The
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concentration of [PH]JCP55940 used in our displacement assays
was 0.7nM. THCV was stored as a stock solution of 10 mMm
in DMSO, the vehicle concentration in all assay wells being
0.1% DMSO. The binding parameters for [PH]CP55940,
determined by fitting data from saturation-binding experi-
ments to a one-site saturation plot using GraphPad Prism,
were 2336 fmolmg~" protein (By.x) and 2.31 nM (K4) in mouse
brain membranes (Thomas et al., 2004), and 72570 fmol mg™!
protein (Bp.x) and 1.043nM (Ky) in hCB,-transfected cells.

[P S]GTPyS-binding assay

The method for measuring agonist-stimulated [**S]GTPyS
binding to cannabinoid CB, receptors was adapted from the
methods of Kurkinen ez al. (1997) and Breivogel et al. (2001).
The conditions used for measuring agonist-stimulated
[**SIGTPyS binding to transfected cannabinoid CB, receptors
were adapted from those used by MacLennan et al. (1998) and
Griffin et al. (1999). The assays were carried out with GTPyS-
binding buffer (50mM Tris-HCl; 50mM Tris-Base; 5SmM
MgCl,; 1mM EDTA; 100mM NaCl, 1mM dithiothreitol;
0.1% BSA) in the presence of [**S]JGTPyS and GDP, in a
final volume of 500 ul. Binding was initiated by the addition of
[**SIGTPyS to the wells. Nonspecific binding was measured
in the presence of 30 uM GTPyS. The drugs were incubated
in the assay for 60 min at 30°C. The reaction was terminated
by a rapid vacuum filtration method using Tris-binding buffer
as described previously, and the radioactivity was quantified
by liquid scintillation spectrometry. The concentrations of
[**SIGTPyS and GDP present in the assay varied depending on
whether the assay was conducted with mouse brain or
transfected cell membranes. However, the protein concentra-
tion was the same in all the [**S]JGTPyS-binding assays (5 ug
protein per well). When the assay was conducted with mouse
brain membranes, 0.1nM [**S]JGTPyS and 30 uM GDP were
present, whereas the corresponding concentrations present
when the assay was conducted with transfected cell membranes
were 0.7nM and 320 uM, respectively. Additionally, mouse
brain membranes were preincubated for 30min at 30°C
with 0.5 Uml™! adenosine deaminase (200 Umg™!) to remove
endogenous adenosine. Agonists and antagonists were stored
as a stock solution of 1 or 10mM in DMSO, the vehicle
concentration in all assay wells being 0.11% DMSO.

Vas deferens experiments

Vasa deferentia were obtained from albino MF1 mice weighing
31-59g. The tissues were mounted vertically in 4ml organ
baths. They were then subjected to electrical stimulation of
progressively greater intensity, followed by an equilibration
procedure in which they were exposed to alternate periods of
stimulation (2min) and rest (10 min) until contractions with
consistent amplitudes were obtained (Thomas et al., 2004).
These contractions were monophasic and isometric, and were
evoked by 0.5s trains of pulses of 110% maximal voltage
(train frequency 0.1 Hz; pulse frequency 5 Hz; pulse duration
0.5ms).

Except in our experiments with phenylephrine, all drug
additions were made to the organ baths after the equilibration
period and there was no washout between these additions.
In most experiments, there was an initial application of a
potential antagonist or its vehicle. This was followed 28 min

later by a 2-min period of electrical stimulation, at the end of
which the lowest of a series of concentrations of the twitch
inhibitors, R-(+)-WINS55212, CP55940, THC, anandamide,
(—)-7-hydroxy-cannabidiol-dimethylheptyl or clonidine, was
applied. After a period of rest, the tissues were electrically
stimulated for 2 min and then subjected to a further addition of
twitch inhibitor. This cycle of drug addition, rest and 2 min
stimulation was repeated so as to construct cumulative
concentration-response curves. Only one concentration—
response curve was constructed per tissue (Pertwee et al.,
1996). Rest periods were 3min for clonidine, 13min for
R-(+)-WINS55212, CP55940 and anandamide, 28 min for
THC and THCV, and 58 min for (—)-7-hydroxy-cannabidiol-
dimethylheptyl. Experiments were also performed with capsai-
cin. This drug was added at intervals of 3min and the tissues
were not rested from electrical stimulation between these
additions. In some experiments, cumulative concentration—
response curves for THCV were constructed without prior
addition of any other compound, again using a cycle of drug
addition, 28 min rest and 2 min stimulation.

In experiments with f,y-methylene-ATP, no electrical
stimuli were applied after the equilibration procedure. Log
concentration—response curves of f3,y-methylene-ATP were
constructed cumulatively without washout. THCV, WIN or
drug vehicle was added 30 min before the first addition of f3,
y-methylene-ATP, each subsequent addition of which was
made immediately after the effect of the previous dose had
reached a plateau (dose cycles of 1-2 min). Only one addition
of phenylephrine was made to each tissue and this was carried
out 30 min after the addition of THCV, WIN or drug vehicle.

Analysis of data

Values have been expressed as means and variability as s.e.m.
or as 95% confidence limits. The concentration of THCV that
produced a 50% displacement of radioligand from specific
binding sites (ICs, value) was calculated using GraphPad
Prism 4. Tts dissociation constant (Kj-value) was calculated
using the equation of Cheng & Prusoff (1973). Net agonist-
stimulated [**S]GTPyS-binding values were calculated by
subtracting basal binding values (obtained in the absence of
agonist) from agonist-stimulated values (obtained in the
presence of agonist) as detailed elsewhere (Ross er al.,
1999a). Inhibition of the electrically evoked twitch response
of the vas deferens has been expressed in percentage terms, and
this has been calculated by comparing the amplitude of the
twitch response after each addition of a twitch inhibitor
with its amplitude immediately before the first addition of the
inhibitor. Contractile responses to phenylephrine and f,y-
methylene-ATP have been expressed as increases in tension (g).

Values for ECsp, maximal effect (E,.,) and the s.e.m. or
95% confidence limits of these values have been calculated by
nonlinear regression analysis using the equation for a sigmoid
concentration—response curve (GraphPad Prism). The appar-
ent dissociation constant (Kp) values for antagonism of
agonists by THCV in the vas deferens or [**S]JGTP}S-binding
assay have been calculated by Schild analysis from the
concentration ratio, defined as the concentration of an agonist
that elicits a response of a particular size in the presence
of a competitive reversible antagonist at a concentration, B,
divided by the concentration of the same agonist that produces
an identical response in the absence of the antagonist. The
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methods used to determine the concentration ratio and
apparent Kp-values and to establish whether log concentra-
tion—response plots deviated significantly from parallelism are
detailed elsewhere (Pertwee et al., 2002). Mean values have
been compared using Student’s two-tailed z-test for unpaired
data or one-way analysis of variance (ANOVA) followed
by Dunnett’s test (GraphPad Prism). A P-value <0.05 was
considered to be significant.

Results
Radioligand experiments

THCV displaced [PH]JCP55940 from specific binding sites
in mouse brain and CHO-hCB, cell membranes in a manner
that fitted significantly better to a one-site than a two-site
competition curve (P<0.05; GraphPad Prism 4). Its mean
K-values were 75.4 and 62.8 nM, respectively (Figure 2). THCV
also displaced [PH]R-(+)-WIN55212 and [*H]SR141716A
from specific binding sites in mouse brain membranes, its
mean ECs, values with 95% confidence limits shown in
brackets being 61.3nM (48.6 and 77.3nM; n=4-7) and 86.8 nM
(63.8 and 118.1 nM; n=4-6), respectively. The corresponding
ECs, value of THCV for displacement of [PH]JCP55940 is
98.2nM (69.6 and 138.6 nM; n=4-3).

The ability of CP55940 to stimulate [*>SJGTPyS binding to
mouse brain and CHO-hCB, membranes was attenuated by
THCYV, which at 1 uM produced significant dextral shifts in the
log concentration—response curves of this cannabinoid recep-
tor agonist that did not deviate significantly from parallelism
(Figure 3). The mean apparent Kp-values for this antagonism
are shown in Table 1, as are the mean apparent Kg-values
of SR141716A for antagonism of CP55940 in mouse brain
membranes and of SR144528 for antagonism of CP55940
in the CHO-hCB, cell membranes. At 1uM, THCV also
produced a significant parallel dextral shift in the log
concentration—response curve of R-(+)-WIN55212 for stimu-
lation of GTPyS binding to mouse brain membranes (see
Table 1 for its apparent Kp-value against R-(+ )-WIN55212).

Micromolar concentrations of THCV inhibit evoked
contractions of the vas deferens

THCV produced a concentration-related inhibition of elec-
trically evoked contractions of the mouse isolated vas deferens
with an ECsy of 12.7uM (6.9 and 23.2 um) (Figure 4). It is
unlikely that this effect was CB;-receptor mediated as it was
not attenuated by SR141716A at 100nM (n=7; data not

Table 1 Mean apparent Kp-values of THCV, SR141716A

shown), a concentration that equals or exceeds concentrations
of this CB,-selective antagonist found previously to antagonize
established CB,; receptor agonists in the same bioassay
(Pertwee et al, 1995b; Ross et al, 2001). At 32uM, a
concentration at which it produced a marked inhibition of
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Figure 2 Displacement of [PH]JCP55940 by THCV from specific
binding sites in (a) mouse whole brain membranes and (b) CHO-
hCB, cell membranes. Each symbol represents the mean percent
displacement+s.e.m. Mean Ki-values for this displacement with
95% confidence limits shown in brackets were calculated by the
Cheng—Prusoff equation to be (a) 75.4nM (53.4 and 106.3nM; n=4—
8) in mouse whole brain membranes and (b) 62.8nM (52.5 and
75.3nM; n=6) in CHO-hCB, cell membranes.
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Figure 3 The effect of 1 uM THCYV on the mean log concentration—
response curve of CP55940 for stimulation of [**SJGTPyS binding (a)
to mouse whole brain membranes and (b) to CHO-hCB, cell
membranes. Each symbol represents the mean percentage increase in
[**S]GTPyS binding+s.e.m. (n=6). Mean apparent Kg-values of
THCYV for its antagonism of CP55940 have been calculated from
these data and these values are listed in Table 1.

and SR144528 for antagonism of CP55940- or R-(+)-

WINS55212-induced activation of [**SJGTPyS binding to mouse whole brain or CHO-hCB, membranes

Antagonist Agonist Membrane preparation
THCYV (1000 nM) CP55940 Brain

THCYV (1000 nM) R-(+)-WIN55212 Brain

SR141716A (10nM) CP55940 Brain

THCV (1000 nM) CP55940 CHO-hCB,

SR144528 (100 nM) CP55940 CHO-hCB,

Mean apparent K (nM) 95% confidence limits (nM) n
93.1 66.5 and 130.6 6

85.4 29.3 and 270.5 5

0.09 0.021 and 0.41 4

10.1 5.0 and 20.5 6

0.49 0.26 and 0.85 6

Mean apparent Kg-values were calculated by Schild analysis using data obtained with the antagonist concentrations shown.
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Figure 4 The mean log concentration-response curve of THCV in
the mouse isolated vas deferens. Each symbol represents the mean
value+s.e.m. for inhibition of electrically evoked contractions
expressed as a percentage of the amplitude of the twitch response
measured immediately before the first addition to the organ bath
of THCV. Tissues were exposed to THCV concentrations ranging
either from 3.2nM to 10 uM (n=10) or from 1 to 100 uM (n = 10).

electrically evoked contractions, THCV also attenuated con-
tractile responses of the vas deferens to both the P2 receptor
agonist f§,y-methylene-ATP, and the o;-adrenoceptor agonist,
phenylephrine hydrochloride (Figure 5). In contrast, at 1 uMm,
a concentration at which it had no detectable inhibitory effect
on electrically evoked contractions (Figure 4), THCV did not
induce any significant reduction in the amplitude of contrac-
tions induced either by f,y-methylene-ATP (n=8; data not
shown) or by phenylephrine (Figure 5). These findings suggest
that THCV inhibited electrically evoked contractions of the
vas deferens, at least in part, by acting postjunctionally to
block contractile responses to endogenously released ATP and
noradrenaline.

THCYV behaves as a potent surmountable competitive
antagonist of R-(+ )-WIN55212 in the vas deferens

As shown in Figure 6, at concentrations well below those at
which it inhibited electrically evoked contractions, THCV
opposed R-(+)-WIN55212-induced inhibition of the twitch
response in a manner that was concentration-related and not
accompanied by any significant change in the maximum effect
(Emax) of R-(+)-WINS55212 (P>0.05; ANOVA followed by
Dunnett’s test; n = 6-9). The dextral shifts produced by THCV
in the log concentration-response curve of R-(+)-WIN55212
do not deviate significantly from parallelism and yield a Schild
plot with a slope that is not significantly different from unity
(Figure 6). The mean apparent Kp-value of THCV was
calculated by the Tallarida method (see Pertwee et al., 2002)
to be 1.5nM (Table 2). At 1 uM, a concentration that markedly
attenuated electrically evoked contractions (Figure 6), R-(+)-
WINS55212 did not decrease the ability of f§,y-methylene-ATP
(n=7 or 10; data not shown) or phenylephrine (Figure 5) to
induce contractions of the vas deferens.

THCYV is also a potent surmountable competitive
antagonist of anandamide, methanandamide and
CP55940 in the vas deferens

THCV was shown to antagonize anandamide at 10, 100 and
1000nM (Figure 7), and methanandamide and CP55940 at
100 nM (Table 2). The dextral shifts produced by THCV in the
log concentration—response curves of these twitch inhibitors
did not deviate significantly from parallelism. The mean
apparent Kp-value for the antagonism of anandamide by
10nM THCYV with its 95% confidence limits shown in brackets
is 1.4nM (0.36 and 7.50nM). Mean apparent Kg-values for
antagonism of anandamide, methanandamide and CP55940
by 100nM THCYV are listed in Table 2.

THCYV (100 nM ) does not antagonize clonidine, capsaicin,
(—)-7-hydroxy-cannabidiol-dimethylheptyl or THC
in the vas deferens

At 100nM, THCV did not reduce the ability of clonidine,
capsaicin or (—)-7-hydroxy-cannabidiol-dimethylheptyl to
inhibit electrically evoked contractions (Figure 7 and Table 2),
indicating it to possess at least some degree of selectivity as an
antagonist of twitch inhibitors in the vas deferens. Nor did
100nM THCV antagonize the cannabinoid receptor agonist,
THC (n=11; data not shown). However, at 1 uM, THCV did
produce a significant dextral shift in the log concentration—
response curve of THC that did not deviate significantly from
parallelism (see Table 2 for its apparent Kp-value against
THC).

Discussion

Well-established mixed CB;/CB, cannabinoid receptor ligands
such as CP55940, R-(+)-WINS5212 and THC displace
[PH]CP55940 from specific binding sites on membranes
prepared from brain tissue or from cells transfected with CB,
receptors (reviewed in Pertwee, 1997; Howlett et al., 2002), and
THCYV was found to share this ability. The K;-value of THCV
determined from our experiments with mouse brain mem-
branes (75.4nM) presumably represents its K; for the mouse
CB, receptor, as there is little evidence for the presence of a
significant population of CB, receptors in healthy brain tissue
(reviewed in Howlett et al., 2002). This Ki-value is at least 1.8
times greater than reported CB; Kj-values of its structural
analogue, THC, determined in experiments with [’ H]CP55940
using rat brain membranes (1.6-43nM; see Pertwee, 1997).
However, the hCB, Kj-value of THCV (62.8nM) is little
different from hCB, Kj-values of THC determined previously
with [PH]CP55940 (reviewed in Pertwee, 1997).

THCYV behaved as a reasonably potent competitive antago-
nist of CP55940, as indicated by the manner in which it
antagonized the ability of this cannabinoid receptor agonist to
stimulate [**S]JGTPyS binding in experiments with mouse brain
membranes (Figure 3). Results from additional [**S]GTPyS-
binding assays conducted with mouse brain membranes
indicated that THCV can also antagonize R-(+)-WINS55212,
again in an apparently competitive manner. THCV exhibited
similar potencies against CP55940 and R-(+ )-WINS55212 in
these experiments, suggesting that both agonists were compet-
ing with THCYV for the same target. It is likely that this target

British Journal of Pharmacology vol 146 (7)



922 A. Thomas et al

Cannabinoid antagonism by A°-THCV

o o o o
o o N o
1 1 1 1

Mean tension increase + s.e.mean (g)
o
N
1

0.3 1
0.2 1
0.1 1
0 J
-8 -7 -6 -5
By-methylene ATP (log M)
a 1.0-
0.9
0.8 |
or] |

0.6
0.5 A
0.4 A

*kk

0.3

0.2

Mean tension increase + s.e.mean (g)

0.1

MMM -

DMSO 1pM 1pM 31.6 uM
WIN THCV THCV

b 1.0

Mean tension increase * s.e.mean (g)

0.9 A

0.8

0.7

0.6

0.5 A

0.4 A

0.3

*kk

0.2

0.1

A\

DMSO 1uyM 1pM 31.6puM
WIN  THCV THCV

Figure 5 Upper panel: the effect of pretreatment with THCV on mean increases in tension of the mouse isolated vas deferens
induced by f,y-methylene ATP in the presence of DMSO (Q) or 32 uM THCV (@). For the construction of log concentration—
response curves, f3,y-methylene ATP was first added 30min after DMSO or THCV (n=7 or 8). Lower panels: the effect of
pretreatment with R-(4)-WIN55212 or THCV on mean increases in tension of the mouse isolated vas deferens induced by (a) 32 um
phenylephrine or (b) 3.2 uM phenylephrine. Additions of phenylephrine were made 30 min after DMSO (open columns), THCV or
R-(+)-WINS55212 (n=38). In all panels, mean increases in tension are expressed in grams+s.e.m. The asterisks indicate significant
differences between responses to f,y-methylene ATP (unpaired -test) or to phenylephrine (ANOVA followed by Dunnett’s test)
in the absence of added cannabinoids, and corresponding responses in the presence of R-(+)-WIN55212 or THCV (*P<0.05;

#5%P 20.001).

was the cannabinoid CB,; receptor as results from the brain
membrane experiments showed that the apparent Kp-value of
THCYV for its antagonism of CP55940 (Table 1) did not deviate
significantly from its corresponding K;-value for displacement
of [PH]CP55940 (Figure 2).

THCV also behaved as a competitive CB, receptor
antagonist, as measured by its ability to antagonize CP55940
in the [**S]GTPyS-binding assay when CHO-hCB, cell
membranes were used. Interestingly, its apparent Kg-value in

these experiments was significantly less than its apparent
Kg-value for the antagonism of CP55940-induced activation
of [**S]GTPyS binding in mouse brain membranes (Table 2),
indicating it to be more potent as a CB, than a CB, receptor
antagonist. Unexpectedly, its hCB, Kp-value was also sig-
nificantly lesser than its Ki-value for the displacement of
[PH]CP55940 from CHO-hCB, cell membranes (Figure 2).
Why this should be remains to be established. It is noteworthy,
however, that we also found the corresponding hCB, Kg-value
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Figure 6 Upper panel: the effect of pretreatment with THCV on
the mean log concentration-response curve of R-(+)-WINS55212 in
the mouse isolated vas deferens. Each symbol represents the mean
value+s.e.m. for inhibition of electrically evoked contractions
expressed as a percentage of the amplitude of the twitch response
measured immediately before the first addition of R-(+)-WINS55212
to the organ bath. THCV or DMSO was added 30 min before the
first addition of R-(+4)-WINS55212, further additions of which were
made at 15-min intervals. Each log concentration-response curve
was constructed cumulatively without washout (n=6-9). Lower
panel: Schild plot for antagonism of R-(+)-WIN55212 by 10—
1000nM THCYV, in which values for log x—1 were calculated from
the data shown in the upper panel (x=concentration ratio). The
slope of this plot is 0.994+0.14 and this does not differ significantly
from unity (P>0.05; one-sample #-test). The mean apparent K-
value of THCV for its antagonism of R-(+)-WIN55212 has
been calculated from this slope by Schild analysis and is listed in
Table 1.

of the established CB,-selective antagonist SR144528 (Table 1)
to be significantly less than the mean K;-value of this ligand
for its displacement of [PHJCP55940 from CHO-hCB, cell
membranes. More specifically, we found this K;-value with its
95% confidence limits shown in brackets to be 7.5nM (5.7 and
10.0; n=6-8), a value that does not deviate significantly from
the hCB, Ki-value of SR144528 determined previously in this
laboratory (Ross et al., 1999a). One possibility, that the
potency of THCV as a hCB, receptor antagonist was found to
be so much greater than its affinity for hCB, receptors because
THCYV binds more readily to these receptors in the presence of
GTPyS-binding buffer (see Methods), is unlikely as we found
THCYV to be no more potent in displacing [PHJCP55940 from
CHO-hCB, cell membranes when this was determined using
GTPyS-binding buffer (mean K;=68.1nM; 95% confidence
limits =44.7 and 103.9nM; n=35 or 6) instead of the Tris-
binding buffer used in all our other binding experiments with
radiolabelled cannabinoids (Figure 2).

Although THCV behaved as a cannabinoid receptor
antagonist in the [**S]GTPyS-binding assays, it was found to
share the ability of CB, receptor agonists to inhibit electrically
evoked contractions of the mouse isolated vas deferens
(reviewed in Pertwee, 1997). It is likely, however, that the
mechanism by which THCYV inhibited these contractions is not
the same as the mechanism that underlies the inhibition of
electrically evoked contractions induced by THC or other
established CB; receptor agonists. Thus, while CB; receptor
agonists appear to act on CB,; receptors located on prejunc-
tional neurones to produce this effect (reviewed in Pertwee
1997; Schlicker & Kathman, 2001), THCV probably acted
in a CB,-receptor-independent manner as its ECsy, for twitch
inhibition (12.7 uM) greatly exceeded its K; for CB,-binding
sites and as it was not antagonized by the CB;-selective
antagonist, SR141716A, when this was administered at a
concentration (100 nM) found previously to oppose inhibition
of electrically evoked contractions of the mouse vas deferens
induced by CB, receptor agonists (Pertwee et al., 1995b).
THCV could well have produced its inhibitory effect on
electrically evoked contractions of the vas deferens by acting
postjunctionally to oppose the contractile effects of noradrena-
line and ATP that were presumably being released in response
to electrical stimulation (see Introduction). Thus, the ampli-
tudes of both phenylephrine- and f,y-methylene-ATP-evoked
contractions of this tissue were reduced by THCV when this
was administered at a concentration that attenuated electri-
cally evoked contractions of the vas deferens (32 uM), but not

Table 2 Mean apparent Kg-values of THCV for antagonism of drug-induced inhibition of electrically evoked

contractions of the mouse isolated vas deferens

THCV (nM) Twitch inhibitor Mean apparent Kz of THCV (nM) 95% confidence limits (nM) n

10-1000 R-(+)-WINS55212 1.1 and 2.3 6-9
100 Anandamide 0.2 and 6.2 7
100 Methanandamide 1.5 and 11.6 12
100 CP55940 3.8 and 31.7 14
1000 THC . 15.4 and 978 10
100 Clonidine > 100 — 8
100 Capsaicin >100 — 8
100 7-OH-CBD-DMH >100 — 8

7-OH-CBD-DMH, (—)-7-hydroxy-cannabidiol-dimethylheptyl. Mean apparent Kg-values were calculated by Schild analysis using data
obtained with the concentrations of THCV shown (see also Figures 6 and 7).
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Figure 7 The effect of pretreatment with THCV on the mean log
concentration—response curves of anandamide (n=7 or 8) and
clonidine (n=28) in the mouse isolated vas deferens. Each symbol
represents the mean value+s.e.m. for inhibition of electrically
evoked contractions expressed as a percentage of the amplitude
of the twitch response measured immediately before the first
addition of twitch inhibitor to the organ bath. THCV or DMSO
was added 30min before the first addition of anandamide or
clonidine, further additions of which were made at 15- and 5-min
intervals, respectively. Each log concentration—-response curve was
constructed cumulatively without washout.

when it was administered at a concentration that did not affect
the amplitude of electrically evoked contractions (1 uM). Taken
together, our brain membrane and vas deferens data suggest
that while THCV has significant affinity for the CB, receptor,
it lacks detectable CB, receptor efficacy. This is in line with the
hypothesis that the length of the C-3 side chain of classical
cannabinoids such as THC is an important determinant of the
affinity or efficacy displayed by these ligands at CB, receptors
(reviewed in Razdan, 1986; Howlett et al., 2002). Our finding
that THCV was less potent than THC as an inhibitor of
electrically evoked contractions of the mouse vas deferens
(Figure 4; Pertwee et al., 1995b), agrees with an earlier report
that THCV shows less activity than THC as an inhibitor of
electrically evoked contractions of the guinea-pig isolated
ileum (Gill et al., 1970).

At concentrations below those at which it inhibited
electrically evoked contractions of the mouse vas deferens,
THCYV opposed the abilities of the established CB; receptor

agonists, R-(+)-WIN55212, anandamide, methanandamide,
CP55940 and THC, to inhibit the twitch response. This it
did in a competitive, surmountable manner. For R-(+)-
WINS55212, at least, it is likely that the interaction with THCV
took place on prejunctional neurones rather than postjunc-
tionally, as the amplitudes of pf,y-methylene-ATP- and
phenylephrine-evoked contractions of the vas deferens were
unaffected by a concentration of R-(+)-WINS55212 that did
markedly inhibit electrically evoked contractions of this tissue
preparation. THCV produced its antagonism of cannabinoids
at concentrations that by themselves did not affect the
amplitude of electrically evoked contractions, or indeed
[**S]GTP}S binding to brain or CHO-hCB, cell membranes
(data not shown), suggesting it to be a neutral antagonist
(reviewed in Pertwee, 2005a).

At 100 nM, a concentration at which it antagonized R-(+ )-
WINS55212, anandamide, methanandamide and CP55940 in
the vas deferens, THCV produced no antagonism of clonidine
or capsaicin. This is an indication that it possesses selectivity
and also suggests that, at 100nM at least, it was not acting
against any of the cannabinoids we investigated by blocking
ay-adrenergic or TRPVI receptors. Nor did 100nM THCV
antagonize (—)-7-hydroxy-cannabidiol-dimethylheptyl, an
analogue of cannabidiol that has been postulated to act at
least in part through an as yet unidentified neuronal non-CB,
target in the vas deferens (Pertwee et al., 2005).

The apparent Kp-value of THCV for its antagonism of THC
in the vas deferens (Table 2) is close to its cannabinoid CB, K-
value (Figure 2) and to its apparent Kp-values for antagonism
of CP55940- or R-(+)-WINS55212-induced stimulation of
[**SIGTPyS binding to mouse brain membranes. These
findings are consistent with the hypothesis that THC and
THCV were competing for CB; receptors since there is good
evidence that it is mainly CB; receptors that mediate
cannabinoid-induced inhibition of electrically evoked contrac-
tions of the mouse vas deferens (reviewed in Howlett et al.,
2002). Moreover, reported CB; K;-values of the selective CB,;
receptor antagonist, SR141716A (Howlett et al., 2002), also
approximate to its apparent Kg-value for antagonism of THC
in the mouse vas deferens (Pertwee et al., 1995b). In contrast,
the apparent Kg-values of THCV for antagonism of R-(+)-
WINS55212, anandamide, methanandamide and CP55940 were
all significantly less than its cannabinoid CB, Kj-value. In spite
of these findings, however, it would be premature to conclude
that THCV antagonized these other cannabinoids in a manner
that was entirely CB, receptor-independent. Thus, firstly the
CB, selective antagonist, SR141716A, antagonizes R-(+)-
WINS55212 in the mouse vas deferens no less potently than it
antagonizes THC (Pertwee et al., 1995b), and secondly
Schlicker et al. (2003) have found that R-(+)-WINS55212
inhibits evoked noradrenaline release in the vasa deferentia
obtained from CB;"/* mice but not in vasa deferentia from
CB7’~ mice, suggesting that R-(+)-WIN55212 might
not inhibit electrically evoked contractions of mouse vasa
deferentia that lack CB; receptors. It is also noteworthy that
although there is evidence that some central and peripheral
neurones express non-CB, receptors that can be activated by
R-(+)-WINS55212 and/or anandamide (reviewed in Pertwee,
2005b), the available data suggest that these are not targets at
which R-(+)-WIN55212, anandamide or CP55940 would be
antagonized by THCV. Thus, some of these proposed targets
are activated by capsaicin (Ross et al., 2001; Hajos & Freund,
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2002) or clonidine (Molderings et al., 2002), while others
appear not to be activated by CP55940 (Breivogel et al., 2001;
Mang et al., 2001; Zygmunt et al., 2002). Yet, THCV produced
no antagonism of clonidine or capsaicin in the vas deferens
(see above), and was no less potent in antagonizing CP55940
than anandamide (Table 2).

The apparent Kp-value of THCV for its antagonism of
CP55940-induced activation of [**SJGTPyS binding to CHO-
hCB; cell membranes is essentially the same as its apparent
Kg-value for antagonism of CP55940 in the mouse vas
deferens (Tables 1 and 2). This raises the possibility that it is
cannabinoid CB, receptors for which THCV competes with
CP55940, and indeed with R-(+)-WINS55212, anandamide
and methanandamide, in this tissue preparation. However,
there are three reasons for rejecting this hypothesis. Firstly,
Rinaldi-Carmona et al. (1998) found that the apparent Kp-
value of SR144528 for its antagonism of CP55940 in the mouse
vas deferens (501 nM) greatly exceeded its hCB, Kj-value.
Secondly, we have found that SR144528 produces no
significant antagonism of R-(+)-WINS55212 in the vas
deferens (data not shown) even when administered at
concentrations (0.1 or 1 uM) well above its apparent Kp-value
for antagonism of CP55940 in CHO-hCB, cell membranes.
Finally, while another CB, receptor antagonist, AM630, has
been found to resemble THCYV in producing an antagonism of
cannabinoid receptor agonists in mouse vasa deferentia that is
agonist dependent, it differs from THCV in being more potent
against THC than against either anandamide or R-(+)-
WINS5212 (Pertwee et al., 1995a).

In conclusion, we have obtained evidence from competitive
binding and GTPyS-binding experiments with mouse brain
and CHO-hCB; cell membranes that THCV is a competitive
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